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INTRODUCTION 
Weigela florida, a woody, spring-flowering member of the Caprifolia-
ceae bears flowers with deep red, blue red, pink, mauve or white color-__, 
ation. Anthocyanins are the water-soluble cytosol pigments generally 
responsible for these colors in the flowers, fruits, and leaves of higher 
plants. Their function is to attract insects and birds for pollination 
and seed dispersal. The basic chemical structure is that of a single 
aromatic compound, the 3,5,7,3',4'-pentahydroxyflavylium cation, cyanidin, 
plus the various attached sugar molecules. 
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Figure 1. Cyanidin 
The most common anthocyanidin, cyanidin, has been postulated to be 
the biochemical precursor of the other major aglycones, peonidin, pelar-
gonidin, delphinidin, malvidin and petunidin. These aglycones are formed 
through addition-or removal of hydroxyl groups or by the methylation of 
the basic structure. Glycosylation of the anthocyanidins to form antho-
cyanins can occur with four monosaccharides, five disaccharides and three 
trisaccharides at the 3-, 5- and 7- positions of the aglycone. Minor 
changes in flower color are also effected by acylation with cinnamic or 
ferulic acids, by differences in cell sap pH or by the presence of other 
flavonoids and plant pigments. 
In a Weigela breeding program at Iowa State University, progeny were 
sometimes observed to exhibit more intense and redder flower colors than 
either of their parents possessed. As genetic differences in flower color 
have been attributed to single gene differences, a survey of the anthocy-
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anins and their relative proportions in a random sample of the different 
colorations of Weigela was undertaken. 
The first objective of this study was to identify the kinds of antho-
cyanins and their relative proportions in the parents and progeny of five 
crosses previously made by Dr. J. L. Weigle of the Horticulture Department 
of Iowa State University. A second objective was to compare the pigments 
from individual hybrids with those of their parents in order to obtain 
information concerning the heritability of the various pigments. 
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LITERATURE REVIEW 
Early Methods of Anthocyanin Identification 
The methods of anthocyanin identification have gone through several 
developments. Success was first reported in 1913 when Willstater and 
Everest extracted dried cornflower petals with alcoholic hydrochloric acid 
and purified the extract with repeated extractions in ether (Harborne, 
1967). This method and its variants, precipitation with lead salts or 
picrates, was useful in the isolation of single anthocyanins when a flower 
had only one major pigment. Robinson and Robinson (1931) used a similar 
method on the Weigela variety, Eva Rathke, to show that it contained a 
cyanidin-3-monoside. They identified the pigment by color reactions of 
the petal extracts with alkali and ferric chloride solutions and by the 
distribution of the pigment between inuniscible solvents. The monoside was 
not identified. 
The drawbacks of these methods were significant. In addition to 
needing large quantities of plant material and failing to separate mix-
tures of anthocyanins, loss of labile acyl residues and of sugar residues 
could occur during the precipitation process. Also flavones, free sugars 
and hydrolysis products would be retained as impurities (Harborne, 1967). 
Paper Chromatography 
The second major method, paper chromatography, was first used in 1948 
by Bate-Smith (Harborne, 1967). Impurities and hydrolysis products were 
eliminated at each successive elution of the pigments from the papers. 
By the comparison of the Rf (distance moved by the pigment/distance moved 
by the solvent front) in several solvents with the published Rf values, 
the aglycone and sugar compositions could be determined. Final proof of 
the pigment composition would be established by spectral studies and by 
paper chromatography of the acid hydrolysis products with appropriate ref-
erence standards. 
4 
The solvents used were diverse in these paper chromatography studies. 
Anthocyanins were connnonly chromatographed with 1% HCl in water first to 
remove free sugars. After extraction of the pigments from the paper with 
methanolic acetic acid, they were concentrated and rechromatographed with 
~-butanol-acetic acid-water (BAW) (4:1:5, v/v, top layer), n-butanol-2N 
HCl (BuHCl) (1:1, v/v, top layer), and acetic acid-HCl-water (HOAc-HCl) 
(15:3:82, v/v) (Harborne, 1967). Other solvents have been suggested by 
Fulenki and Francis (1967), DeLoose (1969) and Anderson et al. (1970a). 
Anthocyanidins were often chromatographed with Forestal solvent com-
posed of acetic acid-HCl-water (30:3:10, v/v), formic solvent composed of 
formic acid-HCl-water (5:2:3, v/v) and BAW on papers previously washed 
with 2N HCl (Harborne, 1967). Another solvent used by Klein and Hagen 
(1961) was tert-butanol-acetic acid-water (3:1:1, v/v). 
Two-dimensional paper chromatography was also used with the antho-
cyanins. Suitable solvents were BAW followed by aqueous 15% acetic acid 
or BuHCl followed by aqueous 1% HCl (Harborne, 1967). The papers were 
turned 90 degrees between solvents. 
Sugars were co-chromatographed with reference standards following 
acid hydrolysis of the anthocyanins in 2N HCl at lOOC for an hour in ni-
trogen atmosphere (Harborne, 1967). The release of the sugar in the 3-
position of anthocyanins was selectively accomplished by oxidation with 
alkaline hydrogen peroxide according to Chandler and Harper (1961). Har-
borne (1964) has proven that the acyl moiety is attached only to the 3-
position sugar. This permitted the isolation of the acyl group by means 
of alkaline peroxide oxidation also. 
Solvents used for the paper chromatography of sugars include BAW, 
phenol water (4:1, v/v), ethyl acetate-pyridine-water (8:2:1, v/v), n-bu-
tanol-ethanol-water (40:11:19, v/v) and phenol water (73:27, v/v) (Chandler 
and Harper, 1961; Asen and Budin, 1966). 
The acyl components were isolated by treatment of the purified pig-
ment in aqueous 2N NaOH for two hours at room temperature in a nitrogen 
atmosphere (Pomilio and Spoviero, 1972). The mixture was then acidified 
and extracted several times with ethyl ether. The combined extracts were 
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concentrated and spotted on the paper chromatograph. Solvents used for 
the acyl derivative were BAW, water-saturated _g_-butanol (BW) and S% acetic 
acid. Pomilio and Spoviero used a 3% acetic acid solvent. 
The most characteristic aspect of chromatography of acylated pigments 
was that when the solvent was BuHCl, two spots would appear for the acyl-
ated pigment. The spot with the higher Rf of the two was the acylated 
pigment; the spot with the lower Rf was the deacylated derivative (Har-
borne, 1967). It had also been observed by Harborne that paper chromatog-
raphy will not completely resolve acylated pigments of similar structures. 
The question of artifacts arising from the use of certain solvents 
for paper chromatography has been suggested by Timberlake et al. (1971). 
When anthocyanins were separated using the BAW solvent, artifacts appeared 
and were shown to be the result of a reaction of HCl and acetic acid. 
This occurred during concentration of the eluates if the solvent had been 
HCl and the eluting solution had been methanolic acetic acid. Similar 
artifacts were produced when _g_-propionic, _g_-butyric and n-valeric acids 
were used in the eluting solution instead of acetic acid. The artifacts 
were presumed to be pigments acylated with the acid used, as they were of 
a higher Rf than the original pigments. Elution of the pigments from the 
paper chromatograms with methanolic formic acid or methanolic HCl was sug-
gested. However, the use of methanolic HCl could still give artifacts if 
the previous solvent had contained acetic acid. 
Modifications of the general method of chromatography plus spectral 
analysis have been many. Column chromatography for purification of the 
crude extract has included use of powdered nylon by Asen and Budin (1966), 
Dowex SOW x 4 by Nybom (1968), AG SOW x 4 by Dekazos and Worley (1970), 
Celite by Harborne (1964),and by Dekazos (1970), insoluble polyvinyl pyr-
rolidone (PVP) by Wrolstad et al. (1970), and Polyclar AT by Wrolstad and 
Struthers (1971). Column chromatography has been used for separation of 
the anthocyanins in several cases also. For example cellulose was used 
by Chandler and Harper (1961) and AG SOW x 4 by Dekazos (1970). The lim-
ited capacity of the columns and the dilute extracts produced make these 
methods less valuable than paper chromatography. Paper electrophoresis 
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has been used also for the separation of anthocyanins in Commelina flowers 
by Hayashi et al. (1958). 
Thin Layer Chromatography 
Thin layer chromatography (TLC) had the advantages of shorter devel-
oping times, better resolution and greater sensitivity than paper chroma-
tography. For single dimension TLC of anthocyanins, Wrolstad et al. 
(1970), Asen and Budin (1966) and Hrazdina (1971) have used MN 300 cellu-
lose plates, while Morton (1967) and Bibb and Hagen (1972) used plates of 
Kieselguhr G. Hrazdina (1971) also used silica G plates for anthocyanins. 
Wrolstad (1968) and Wrolstad and Struthers (1971) used polyvinyl pyrroli-
done (PVP) mixed with cellulose MN 300 and Asen (1965) used silica gel G 
mixed with MN 300 cellulose for better resolution and smaller spots. 
Other materials for the TLC of anthocyanins included silica Camag 
D-25 impregnated with sodium acetate buff er by Conradie and Neethling 
(1968), cellulose Eastman chromatograms by Gupta (1970) and alumina by 
Birkofer et al. (1966). Pifferi (1969) used Kieselguhr G impregnated with 
basic lead acetate to differentiate sugars, anthocyanins and anthocyanidin 
on the same plate. 
Two dimensional TLC of anthocyanins was done on MN 300 cellulose by 
Anderson et al. (1970a, 1970b) and by Nybom (1968). Nybom (1968) also 
used Merck microcrystalline cellulose, while Gupta (1970) used Eastman 
cellulose chromatograms for two dimensional studies of anthocyanins. 
Anthocyanidins have been separated on one dimensional TLC plates with 
silica gel by Francis nad Harborne (1966). Cellulose MN 300 was used by 
Gupta (1970) and by Anderson et al. (1970a, 1970b). Two dimensional sep-
aration of anthocyanidins has been done by Nybom (1964, 1968) on MN 300 
cellulose plates. 
Reports of the use of TLC for identification of the sugars and acyl 
groups present in anthocyanins were sparse. Anderson et al. (1970a, 1970b) 
used silica gel G and co-chromatography with authentic references for sug-
ar identification. However, the use of TLC for identification of sugars 
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has been elucidated by Stahl (1969) for a number of gels and solvent sys-
tems. Absorbents mentioned include silica gel G and Kieselguhr G layers, 
Kieselguhr G layers impregnated with sodium acetate or pH 5 phosphate buf-
f er 5 and silica gel G impregnated with pH 8 sodium borate, 0.02 M sodium 
acetate, 0.02 M boric acid or 0.1 M sodium bisulfite. Also mentioned were 
MN 300 cellulose layers, Avirin (microcrystalline cellulose) layers, and 
various Celite layers. Wrolstad et al. (1970) gave mention briefly of 
using MN 300 cellulose and co-chromatography with authentic references 
in determination of acyl residues. Of all the gels tested with sugars by 
others, only silica gel G and MN 300 cellulose were used previously for 
the identification of sugars and acyl groups hydrolyzed from anthocyanins. 
Spectral Analysis 
Examination of the ultra-violet and visible spectra of anthocyanins 
and anthocyanidins was one of the most valuable criteria for identifica-
tion. The principal investigators who have used visible and ultra-violet 
(uv) spectroscopy in the identification of anthocyanin pigments include 
Harborne (1958b, 1960, 1963, 1964, 1967), Hrazdina (1971), Asen and Budin 
(1966), Wrolstad et al. (1970) and Anderson et al. (1970a, 1970b). 
Anthocyanins had two major absorption maxima in acid solutions. The 
position of the visible band in the 465-550 nm range was a direct indica-
tion of the hydroxylation pattern of the aglycone from which the anthocya-
nin derives. The sugar had an effect on the spectra only due to its ring 
position and not due to its identity. For example, the two most connnon 
classes of anthocyanins, the 3- and 3,5-diglycosides, showed differences 
in intensity in the ultra-violet and the 400-460 nm regions. Optical den-
sity comparisons showed that the 3,5- and 5-glycosides had only half of 
the absorption at 440 nm that 3-glycosides and anthocyanidins showed for 
comparable amounts of pigment (Harborne, 1958b, 1967). Also those pig-
ments containing sugars in the 5-, 7-, and 3,7- positions could be dis-
tinguished by spectral means. 
Acylated pigments were distinguished by their new peak position be-
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tween 310 and 335 nm. The optical density of this new peak when compared 
to that of the 400-460 nm band was an estimate of the number of acyl units 
present in the pigment (Harborne, 1967). 
Anthocyanidins had broad absorption bands in the visible region and 
less intense bands in the uv around 275 nm. Those anthocyanidins which 
have a catechol nucleus (cyanidin, delphinidin and petunidin) gave a bath-
ochromatic shift of 25-35 nm in the presence of aluminum chloride at pH 
2-4. The absorption maxima in the visible and uv regions for the six ma-
jor aglycones, in 0.01% HCl in methanol were as follows (Harborne, 1967): 
a. cyanidin 277 and 535 nm 
b. peonidin 277 and 532 nm 
c. pelargonidin 270 and 520 nm 
d. delphinidin 277 and 546 nm 
e. petunidin 276 and 543 nm 
f. malvidin 275 and 542 nm. 
The absorption at 440 nm compared to the absorption at the maxima was a 
final criteria for identification of anthocyanidins. 
Anderson et al. (1970a, 1970b) had used infra-red, nuclear magnetic 
resonance and mass spectroscopy and gas chromatography in the identif ica-
tion of anthocyanidins. Hrazdina (1971) had used mass and nuclear magnetic 
resonance spectroscopy. Wrolstad et al. (1970) used infra-red spectros-
copy and Osawa and Saito (1968) looked at electron spin resonance of an-
thocyanins. These more sophisticated methods have not been proven neces-
sary for the majority of the studies of anthocyanins. 
Quantitative studies made use of the molar extinction coefficients of 
the anthocyanidins (Dekazos, 1970; Dekazos and Worley, 1970). These are 
24,500 for cvanidin at 525 nm (Stafford, 1966); 18,000 for apigeninidin at 
480 nm (Stafford, 1966); 13,800 for luteolinidin at 495 nm (Stafford, 1966) 
and 36,600 for pelargonidin at 510 nm (Wrolstad et al., 1970). Lees and 
Francis (1972) suggested that total anthocyanin content be computed to 
avoid misunderstandings in the significance of research reported only as 
percent increase in pigment content. 
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Pigment Inheritance 
Several factors affecting anthocyanin synthesis are inherited accord-
ing to Mendelian genetics. These included hydroxylation, methylation and 
glycosylation of the aglycone. Blank (1947) and Scott-}Joncrieff (1938) 
have stated that the more hydroxylated and methylated pigments are usually 
dominantly inherited. In a more recent study, Jana and Seyffert (1971) 
concluded that dominance is the most important type of gene action in the 
inheritance of anthocyanin content in Mathiola incana flowers. The addi-
tive effect was of stable magnitude and the observed heterosis was be-
lieved to be the result of dominance and the additive by dominance inter-
action. 
Modification of the structure of one aglycone to form another has 
been postulated to occur through hydroxylation of methylation. The addi-
tion of a hydroxyl group to the 3'-position of pelargonidin to form cyan-
idin has been shown to occur in Lathyrus odoratus, Dianthus caryophyllus, 
Antirrhinum majus, Streptocarpus sp. and Raphanus sativum according to 
Hoshi et al. (1963). Genes controlling the addition of the third hydroxyl 
--
group onto the 5'-pos.ition of the aglycone B ring, forming delphinidin 
from cyanidin, have been found in Primula sinensis and Solanum phureja. 
Likewise, malvidin synthesis in the Congo potato occurred by methylation 
of petunidin (Simmonds and Harborne, 1965). This reaction is controlled 
by a dominant gene that is suppressed by the gene for methylation of del-
phinidin to petunidin. 
That one aglycone always acts as a precursor to another through hy-
droxylation or methylation has not been proven. In the diploid potato 
production of the different aglycones was controlled by two dominant 
genes. One gene controlled synthesis of acylated petunidin glycosides 
and the other controlled synthesis of acylated pelargonidin glycosides in 
the tuber and cyanidin glycosides in the flower (Harborne, 1967). Also, 
in the case of inheritance of floral anthocyanins in the diploid alfalfa, 
cyanidin and delphinidin (with its co-occurring petunidin) appeared to 
have different precursors because the F2 generation showed independent 
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assortment for the two aglycones (Gupta, 1970). In certain types of Pe-
tunia hybrida, synthesis of peonidin occurred far later in the development 
of the flower than did synthesis of cyanidin. Since peonidin development 
could be inhibited by 2-thiouracil (an antagonist of the RNA component ur-
acil) without affecting cyanidin synthesis, separate RNA and DNA sites for 
peonidin synthesis were postulated (Hess, 1964). Similarly, in the early 
bud stages of different R_. hybrida genotypes, only delphinidin was found, 
while at later stages, petunidin and malvidin were identified. Finally, 
fifty years of study of flower color inheritance in Antirrhinum majus has 
resulted in a proposed pathway for pigment synthesis with cyanidin and 
pelargonidin arising from separate precursors (Wagner and Mitchell, 1964). 
Glycosylation patterns of anthocyanins, another Mendelian trait, has 
exhibited simple dominance of the diglycosidic forms to the monoglycosidic 
forms in several plants (Blank, 1947). In Streptocarpus sp., one gene in 
the dominant state coded for almost pure 3,5-diglycosides in place of the 
mixture of mono- and diglycosides coded for by the recessive gene (Wagner 
and Mitchell, 1964). Dianthus caryophyllus, Chieranthus chieri and Cycla-
men sp. also have demonstrated the dominance of 3,5-diglycosides over the 
monoglycosides. 
Genetic interactions of glycosylation genes with acylation genes and 
of glycosylation genes with methylation genes have been noted. Genetic 
control of acylation associated with the glycosylation pattern was ob-
served in Matthiola incana and Solanum melongena by Harborne (1964). Hess 
(1968) recorded that a dominant gene controlled the specific production 
of acylated 3-rhamnoglucoside-5-glucosides in Streptocarpus sp. That acy-
lation also occurred via dominant genes regardless of the glycosylation 
pattern was also noted in Papaver rhoes (Abe and Gotoh, 1959) and ~· in-
cana (Seyffert, 1962). That acyl components stimulate the synthesis of 
anthocyanins with the same methlyation pattern as themselves was suggested 
by Hess (1966) who postulated cinnamic acid to be an anthocyanidin precur-
sor. However, the methylation of cinnamic acids was shown to occur inde-
pendently of the methylation of flavonoids in A. majus, ~· phureja and R. 
sativum (Harborne and Corner, 1961). The control of methylation and gly-
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cosylation of anthocyanins by a single locus was observed in Pisum sativum 
Solanum sp. and f· hybrida by Statham et al. (1972). 
The inheritance of white flower color, the absence of anthocyanins, 
has been attributed to both recessive pigment genes and dominant pigment 
inhibitor genes. When the gene essential for production of any anthocya-
nin was in the double recessive condition, white flower color developed, 
regardless of the condition of genes for the specific anthocyanins to be 
produced. Examples of this type of white flower inheritance included Pi-
sum sativum (Statham et al., 1972), Antirrhinum majus (Wagner and Mit-
chell, 1964), Phaseolus vulgaris (Prakken, 1940) and Poinsettia sp. 
(Stewart and Arisumi, 1966). A dominant pigment inhibitor gene has been 
identified in Nemesia strumosa by Hess (1969). It inhibited the synthesis 
of anthocyanins in those genotypes that produced delphinidin and cyanidin 
but had no effect on other genotypes that produced peonidin and cyanidin. 
An assay of white flowers based on pH determinations of freshly ground 
petals had been performed by Scott-Moncrieff (1936). She had found that 
a more acid flower petal pH was indicative of anthocyanin-producing flow-
ers or double recessive white flowers, while the more basic pH was indica-
tive of the dominant white, anthocyanin-inhibited flowers. 
The effects of pH and co-pigmentation complexes on flower color have 
been well documented. In general, the more acid pH (red flower color) has 
been found to be dominant to the alkaline pH (blue flower color) (Blank, 
1947; Scott-Moncrieff, 1938; Wagner and Mitchell, 1964). Co-pigmentation 
by flavones or tannins which results in a more blue color has been obser-
ved to be dominant to the non-co-pigmented anthocyanins (Scott-Moncrieff, 
1938). 
Quantitative factors of anthocyanin inheritance have been observed 
in Imoatiens balsamina by Mansell and Hagen (1966). When a genotype con-
tained both genes for pink flower color in the dominant condition, a syn-
ergistic effect was noted. The petals of this genotype produced more pig-
ment than the sum of the quantities of pigments from petals of two other 
genotypes, each with only one of the genes in the dominant condition. 
Another kind of quantitative inheritance occurred in the allo-octo-
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plaid, Dahlia variabilis (Bate-Smith et al., 1955; Wagner and Mitchell, 
1964). In this case anthocyanin production was controlled by two genes, 
each pre;;ent in one to four doses. The side variation in relative amounts 
of pigment in visually identical phenotypes was attributed to the possible 
increase in gene dosa~e from one to four for each of the two genes. The 
relative concentration of the two pigments, compared to each other, was 
proportional to the relative dosage level of the two genes. 
A heterotic effect on quantitative inheritance of anthocyanin synthe-
sis was observed with wine grapes and their hybrids (Reuther and Cheng, 
1970). The typical Vitis vinifera anthocyanins were found in all the va-
rieties and progeny, but the quantitative distribution varied. With the 
exception of one parental variety, the skins of the hybrid berries had a 
higher pigment content than their parents. In the cross of the red with 
the white wine variety, the berry flesh of the hybrid progeny was found 
to contain 43% more anthocyanin than the red wine grape parent, presum-
ably due to heterosis. 
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PROCEDURES 
Ma teria ls 
The thin l ayer gels used were silica gel G, Kieselghur G and MN 300 
cellulose . 1 They were spread on 20x20 cm glass plates by a Brinkmann De-
saga applicator set at 0.25 mm. All samples were spotted on the pla t es 
with 5 mc l pi pettes . All chemicals used in solvents were r eagent grad e . 
The standa rds used came f r om many sources. The anthocyanin reference 
s t a nda rd , cyanidin-3,5-diglucoside, was a gift of Dr. J. B. Harborne of 
the Department of Botany of Reading University, Reading, England. One of 
the ag l ycone reference standards, cyanidin chloride, was purchased from a 
cc:immercial source. 2 The other aglycone standard, peon id in chloride, was 
isolated f rom Paeonia hybrida flowers. 
The Wei gela flowers were obtained from the Horticulture Department 
Weigela breeding program. They were representative samples of the colors 
of flowers exhibited by the parents and progeny of five crosses of Weigela 
florida. The parents were 'Pink Princess' (PP), a seedling selection of 
~· florida obtained from commercial seed; !'!· florida 'Vaniceki' (V); ~· 
florida 'Bristol Ruby' (BR);!!_. florida 'Bristol Snowflake' (BSF); and "41" 
a seedling selected from the same population as 'Pink Princess' (Figure 2). 
The progeny used were of the following crosses: 
26 Bristol Snowflake x Pink Princess 
39 Bristol Snowflake x Pink Princess 
50 Vaniceki x Pink Princess 
52 Vaniceki x "41" 
64 Bristol Ruby x "41" 
65 Bristol Ruby x Pink Princess 
1Brinkmann Instruments Inc., Westbury, New Jersey. 
2calbiochem, Inc., Elkgrove village, Illinois. 
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Figure 2. Parent and dark seedling flower colors according to the 
Royal Horticultural Society (RHS) Color Code 
a . Bristol Ruby (RHS 185B) 
b. Bristol Snowflake 
c. Pink Princess (RHS 70D) 
d. Vaniceki (RHS 186A) 
e . II 41" (RHS 58A) 
f. "15R" 
15 
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Methods 
Collection 
Ten grams fresh weight of the Weigela flowers of a representative 
sample of the F1 progeny and the parents of the five crosses were colle cted 
in June 1972. They were collected in the mature stage only, buds and over-
mature blossoms being excluded. These were immediately frozen in liquid 
nitrogen and stored in a -15C freezer until used. Extraction of the pig-
ments with approximately 100 ml total volume of 0.1% HCl in methanol for 
each homogenized sample occurred for 24 hours at 5C. The residue was fil-
tered and re-extracted until whitish pink. The combined extracts were 
measured for optical density (OD) on a Beckman Spectronic 20 at 525 nm. 
The volume was then measured and the extract concentrated in a rota-evap-
orator at 40C until the OD was 1.0 with a twenty factor dilution (±5%). 
The concentrated extract, which if diluted twenty times would give an OD 
of 1.0± 5%, was stored in the refrigerator and used within a week. Prior 
to use the extract was centrifuged for one-half hour at 25,000 rpm. 
Silica gel G plates for anthocyanins consisted of 25 g of powder and 
55 ml of water mixed in a blender for one minute. Silica gel G plates for 
sugar determinations were made from 25 g of powder and 55 ml of 0.02 M 
sodium acetate buff er shaken in an Erlenmeyer flask. Kieselguhr G plates 
for sugar identifications were make with 30 g of powder and 60 ml of 0.02 
M sodium acetate buffer. MN 300 cellulose plates for anthocyanin and an-
thocyanidin identifications were 15 g of powder and 95 ml of water. All 
plates were stored over Drierite in a closed container after being air-
dried at laboratory temperatures (24-30C). 
Anthocyanins 
The concentration of each anthocyanin sample was set at 1.0 with a 
twenty times dilution factor because this amount of pigment mixture would 
permit each pigment in the mixture to be seen without undue streaking. 
Also, in preliminary investigations it had been observed that a pigment 
would have higher or lower Rf values depending on the pigment concentra-
tion and the solvent used. Therefore, the amount spotted was the same for 
every sample mixture and standard used. The samples were applied with 5 
17 
Figure 3. Filtration apparatus 
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mcl pipettes until the total quantity of pigment applied, measured by OD 
times the number of mcl applied, equaled 200 +5%. The cyanidin-3,5-diglu-
coside standard and the parent pigment mixtures were applied to the same 
plates in the same concentrations as the progeny pigment mixtures. The 
progeny pigments were identified by comparison of their Rfs with those of 
the co-chromatographed parents. The exception, that some progeny pig-
ments would not parallel the Rfs of the parent pigments such as in the 
case of hybrid pigments caused by the exchange of sugars, did not occur. 
The solvents used for the identification of the anthocyanins on MN 
300 cellulose were the following: 
a. ethyl acetate-formic acid-water (EFW) in a 70:15:15 v/v ratio 
b. n-butanol-benzene-formic acid-water (BBFW) in a 100:19:10:25 v/v 
ratio, upper phase after 36 hours 
The only solvent used on silica gel G was EFW. This solvent has 
been widely used for silica gel G chromatography of anthocyanins, but its 
use with MN 300 cellulose has not been previously reported. The BBFW sol-
vent had been used for paper chromatography of anthocyanins and sugars 
(Fulenki and Francis, 1967), and for MN 300 cellulose TLC of anthocyanins 
(Wrolstad and Struthers, 1971). Following initial tests these solvents 
were chosen as being the best. No solvents with acetic acid, propionic 
acid or butyric acid were used as these acids have been shown to produce 
acylated artifacts (Timberlake et al., 1971). 
Four plates of silica gel G were run for each set of progeny to pro-
vide a check on the reproducibility of the Rfs and to get enough pigment 
for spectral measurements. The cellulose plates in the EFW and BBFW sol-
vents were repeated once to provide a check on the Rf values. The use of 
the standard anthocyanin and the parent pigments on every progeny plate 
monitored the reproducibility of the method under different temperature 
and tank saturation conditions. 
The percentage of each pigment in the progeny and parent plant f lo-
wers was estimated by OD measurements at 480-550nm on a Cary 15 spectro-
photometer. The samples were prepared by careful scraping of the spots 
from thin layer plates, followed by elution of the scraped material with 
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2 ml of 0.1% HCl in methanol in an acid washed tube. This mixture was 
then filtered through a scintered glass filter under suction and the res-
idue was washed with two aliquots of 0.5 ml of methanol. The apparatus is 
shown in Figure 3. Between each sample, the filter was removed and washed 
both inverted and right-side up with 3 ml of methanol. Complete spectra 
in the 200-600 nm region of the parent pigments removed from silica gel 
plates were taken on the Cary 15 and baseline corrected and plotted by 
computer. The reference cell contained only methanol since the concen-
tration of the silica impurities could not be known in the pigment samples. 
The aglycone and sugar portions were derived after streaking the an-
thocyanin mixtures on silica TLC plates and separating the individual 
bands with the EFW solvent. Each band was then eluted with a total of 3 
ml of 0.24N HCl and subjected to acid hydrolysis in sealed tubes under a 
nitrogen atmosphere for 45 minutes in the autoclave. The addition of 1 ml 
_g-amyl alcohol and mixing separated the aqueous sugar portion from the 
amyl aglycone portion. 
The sugars were identified by thin layer chromatography on Kieselguhr 
G and silica gel G plates buffered with 0.02M sodium acetate. The stan-
dard solutions of arabinose, fructose, glucose, galactose, mannose, rham-
nose anG xylose (Jmcg/10 ml 20% isopropanol) were mixed, 5 ml from each 
solution. The mixture was rotoevaporated to dryness, picked up in a total 
of 3 ml of 0.24N HCl and also autoclaved under sealed nitrogen atmosphere. 
The acid was removed following hydrolysis by shaking the sugar por-
tion with 2 g dry weight of amberlite IR45 OH resin (5 meg/g dry wt.). 
The sugar was then washed off the resin with two 2 ml aliquots of water, 
rotoevaporated to dryness, picked up in 0.2 ml water and spotted on the 
TLC plates. The solvents used were as follows: 
a. ethyl acetate-isopropanol-water (EIW) in a 55:30:15 v/v ratio for 
Kieselguhr G plates 
b. acetone-water (AW) in a 90:10 v/v ratio for silica gel G plates 
c. acetic acid-benzene-methanol (ABM) in a 20:20:60 v/v ratio for 
silica gel G plates 
Both kinds of plates were used due to the difference in sensitivity 
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in the gels. For the Kieselguhr G plates the optimum quantity for the 
sugar was 0.5-2.0 mcg per spot, while for buffered silica gel G, the sugar 
could be applied from 1.0-30.0 mcg per spot (Stahl, 1969). 
The spray reagent for Kieselguhr G was anisaldehyde-sulphuric acid. 
Its components were 2.0 ml .E_-anisaldehyde, 36.0 ml of 95% ethanol, 2.0 ml 
of sulphuric acid and 0.4 ml of acetic acid (Stahl and Kaltenbach, 1965). 
The plates were then heated for 15 minutes at lOOC. Amounts of sugars 
were estimated from similar treatment of the standard sugars and cyanidin-
3 ,5-diglucoside hydrolysis products. 
The spray reagent for silica gel G was aniline-diphenylamine-phos-
phoric acid. Its composition was 4.0 g of diphenylamine, 4.0 ml of ana-
line, 20.0 ml of 85% phosphoric acid and 200.0 ml of acetone (Stahl and 
Kaltenbach, 1965). The plates were heated 15 minutes at 90C. 
When more than one sugar was detected for a nigment, hydrogen per-
oxide oxidation was done. This method isolated the 3-position sugars 
and their attached acyl groups only, following the method of Chandler 
and Harper (1961). Anthocyanin pigments from cellulose TLC plates (EFW 
solvent) were dissolved in methanol (0.2 ml) and hydrogen peroxide was 
added (40.0 mcl of 30%). After 4 hours at room temperature, the solution 
was treated with a few grains of 10% palladium catalyst to decompose the 
excess peroxide. After 20 hours, NH40H (50.0 mcl of 0.88 sp gr.) was add-
ed and the solution warmed for 5 minutes in a 100 C water bath. The 3-
position sugars were isolated by chromatography of the resulting solutions 
on Kieselguhr G buffered with 0.02M sodium acetate as previously de-
scribed. The same solvent and the same spray reagent were used. 
The aglycone portion in !!_-amyl alcohol was mixed with 1.0 ml water 
and rota-evaporated to dryness in a Buchi rotovapor R with the water bath 
set at 60 C. The aglycone was picked up in 0.2 ml methanol and spotted in 
10 mcl portions onto MN 300 cellulose plates. The aglycone was co-chrom-
atogramed with the peonidin and cyanidin standards in the following sol-
vents: 
a. acetic acid-HCl-water (Foresta!) in a 30:3:10 v/v ratio 
b. formic acid-HCl-water (FHW) in a 10:1:3 v/v ratio 
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Alkaline !:ry_drolysis 
The acyl components were isolated by alkaline hydrolysis of the an-
thocyanins. The pigments were placed in 2 N NaOH under nitrogen atmos-
phere and held for two hours at room temperature. The mixture was then 
acidified and extracted three times with 2.0 ml portions of ethyl ether. 
The extracts were combined and evaporated to dryness. The acyl residues 
were picked up in 1.0 ml of methanol and spotted on HN 300 cellulose TLC 
plates. The solvents used were as follows: 
a. acetic acid-HCl-water (AHW) in a 25:3:72 v/v ratio 
b. E_-pentanol-acetic acid-water (PAW) in a 2:1:1 v/v ratio 
The diazosulfanilic reagent (BSA) (Ames and Mitchell, 1952) was used 
to show whether ferulic (brown), coumaric (yellow) or cinnamic (buff) acid 
was present (Anderson et al., 1970a). The composition of this reagent was 
as follows: 
a. fresh 5% sodium nitrate (25.0 ml) was added slowly and with stir-
ring to a stock sulfanilic acid solution (5.0 ml) 
b. sulfanilic acid stock solution was 0.9 g of sulfanilic acid and 
9.0 ml of HCl made up to 100 ml with distilled water 
c. both nitrate and sulfanilic stock solutions were at 0 C before 
mixing; diazo reagent will last 4-5 days at 0 C 
The air-dried chromatograms were sprayed with the DSA reagent and the 
color developed by a spray of 5% sodium carbonate in water solution. The 
use of this color reaction and the spectral and Rf data identified the 
acyl component. The amount of acylation, if present, could be computed 
by comparison of the anthocyanin peak height at 310 nm with its height at 
the absorption maximum (Harborne, 1958b). 
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RESULTS AND DISCUSSION 
Parent Pigments 
Aglycone 
The aglycone isloated from the acid hydrolysis of the parent pigments 
from streaked plates (Figure 4) was the same in all instances. In the 
identification on thin layer plates, the aglycone acted differently from 
both of the standards available, that is, cyanidin-Cl and peonidin-Cl. 
The MN 300 pl~tes of the aglycone, run in the two different solvents of 
FHW and Forestal (Figures 5 and 6 respectively), show the Rf of the agly-
cone to be much lower than that of cyanidin and slightly lower than that 
of peonidin, but close to that of the cyanidin impurity found in the com-
mercial preparation. 
The aglycone was also different from the two standards in terms of 
spectra. The spectra of the aglycone is shown both with and without the 
AlCl3 test. In the presence of the aluminum chloride, the aglycone peak 
position shifted significantly, 12 nm (Figure 7). Anthocyanidins which 
have catechol nuclei in their structures, such as cyanidin, delphinidin 
and petunidin, all exhibit such a bathochromatic shift. Peonidin does 
not have that shift. While the aglycone most resembled cyanidin in terms 
of its spectra and bathochromatic shift, the absorption peak differed by 
3 nm, being 528 nm while that of cyanidin was 525 nm. No other aglycones 
have absorption peaks in this region except the rare capensinidin and hir-
sutidin. Neither of them displays a shift in the presence of aluminum 
chloride. 
In E_-amyl alcohol solutions the aglycone displays a u.v. fluorescence 
dependent upon concentration. In the most concentrated samples a bright 
blue fluorescence is seen, while in the more dilute samples a yellow or 
orange, slightly fluorescent color is seen. The significance of this is 
diff icult to determine since no references mention u.v. fluorescence in 
E_-amyl alcohol. 
Sugars 
The sugar portions were run on thin layer plates in three solvents 
and on two kinds of TLC layers, 0.02 M sodium acetate buffered silica G 
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Figure 4. Parent pigments streaked on silica G in EFW solvent 
a. BR 
b. pp 
c. v 
d. "41" 
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a b 
c d 
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Figure 5. Aglycones on MN 300 in Forestal solvent 
a. PP-2 
b. PP-lA 
c. BR-1 
d. "41"-3 
e. "41"-2 
f. "41"-lA 
g. PP-lB 
h. V-3 
i. V-2 
j. V-1 
k. "41"-anthocyanin mixture 
1. cyanidin 
m. peonidin 
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Figure 6. Aglycones on MN 300 in FHW solvent 
a. PP-2 
b. PP-lA 
c. BR-1 
d. "41"-3 
e. "41"-2 
f. "41-lA 
g. PP-lB 
h. V-3 
i. V-2 
j . V-1 
k. cyanidin 
1. peonidin 
m. BR-2 
n. BR-3 
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Figure 7. Aglycone from silica G after 0.24 N HCl acid hydrolysis 
a. aglycone 
b. aglycone with AlC13 
c. cyanidin 
d. peonidin 
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and Kieselguhr G (Figures 8,9,10 and 11). The "lA" and "lB" sugars were 
identical, proving that the "lA" and "lB" pigments were the same, the 
visual difference in Rf being caused by a gradation in concentration of 
the pigment due to the solvent front action. The acid hydrolysis product 
was glucose and the 3-position sugar was glucose. Co-chromatography with 
authentic cyanidin-3-glucoside from red raspberry fruits in four other 
solvents on MN 300 cellulose confirmed that the pigment was cyanidin-3-
glucoside. 
The "2" and "4" sugars identified by acid hydrolysis were arabinose 
and glucose. The hydrogen peroxide oxidation for sugars at the 3-position 
again showed both arabinose and glucose for both pigments. However, as 
the "2" and "4" anthocyanins had different Rfs in every solvent, the com-
bination of sugars could not be the same unless one was the acylated de-
rivative of the other or unless they were the same at the 3-position and 
one of them repeated on of the sugars at the 5- or 7-position. Co-chro-
matography with the authentic anthocyanins of red raspberry fruits and el-
derberry fruits proved that the pigments were probably not cyanidin-3-glu-
coside, cyanidin-3-rutinoside, cyanidin-3-sophoroside, cyanidin-3-gluco-
sylrutinoside, cyanidin-3-sambubioside or cyanidin-3-sambubioside-5-gluco-
side. 
The Rf of "4" defined it as cyanidin-3-arabinoside, if the aglycone 
proves to be cyanidin. The "3" sugars were found to be glucose and galac-
tose with both hydrogen peroxide oxidation and acid hydrolysis. The Rf 
values and co-chromatography with red raspberry fruit anthocyanins con-
firmed that the "B" anthocyanin was cyanidin-3-rutinoside (assuming the 
aglycone proved to be cyanidin). 
Acyl moietv 
The use of alkaline hydrolysis to determine the presence or absence 
of acylated sugars was done on the "41" parent pigments. No acylated pig-
ments were found. However, as extracts of only two streaked plates of 
"41" were used as starting material, this should be re-done using a higher 
initial pigment concentration. Acylated anthocyanins have thus far been 
found in only 20 genera of 12 families of the Sympetalae, Archichlamydeae, 
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Figure 8. Sugars on silica G in ABM solvent 
a. cyanidin-3,5-diglucoside 
b. "41"-4 
c. "41"-lB 
d. BR-3 
e. BR-2 
f. "41"-lA 
g. BR-lA 
h. PP-lA 
i. V-3 
j. sugars mixture 
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Figure 9. Sugars on silica G in ABM solvent 
a. cyanidin-3,5-diglucoside 
b. PP-2 
c. V-lB 
d. BR-lB 
e. V-2 
f. "41"-2 
g. "41"-3 
h. V-lA 
i. PP-lB 
j . sugar mixture 
35 
.. ,.., 
0 • ·r-! 
0 • ..c: 
0 • 00 
0 . ~ 
0 • (J) 
\) "CJ 
• tJ 
0 
CY 
,..0 
• Crj 
.IJ 
i:: 
0 
UJ 
H 
H 
µ.. 
Crj 
bl) 
i:: 
;; 
•r-! 
U) 
00 
•r-! 
H 
0 
36 
Figure 10. Sugars on silica G in AW solvent 
a. cyanidin-3,5-diglucoside 
b. "41"-4 
c. "41"-lB 
d. BR-3 
e. BR-2 
f. "41"-lA 
g. BR-lA 
h. PP-lA 
i. V-3 
j . sugars mixture 
k. PP-2 
1. V-lB 
m. BR-lB 
n. V-2 
o. "41"-2 
P• "41"-3 
q. "41"-lA 
r. PP-lB 
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Figure 11. Sugars on Kieselguhr G in EIW solvent 
a. cyanidin-3t5-diglucoside 
b. "41"-4 
c. "41"-lB 
d. BR-3 
e. BR-2 
f. "41"-lA 
g. BR-lA 
h. PP-lA 
i. V-3 
j . sugar mixture 
k. PP-2 
1. V-lB 
m. BR-lB 
n. V-2 
o. "41"-2 
p. "41"-3 
q. "41 "~lA 
r. PP-lB 
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and monocotyledons (Harborne, 1967). 
Spectral analysis of parent pigments 
Analysis of spectra can identify the aglycone by the peak position, 
the positions of sugar attachment by inspection of the E440/Emax and the 
presence of acyl groups by examination of the 310-335 nm range. As the 
previously published spectra were of pigments isolated by paper chromatog-
raphy, the additional effects of silica and cellulose gels on the 
spectra of pigments extracted from them are given. In the silica G, the 
impurity was CaS04, the binder material in the gel. The MN 300 cellulose 
impurity is not known as it has no binder. Figure 12 illustrates the 
spectra of these impurities isolated from the gels. Spectra of "41", Pink 
Princess (PP), and cyanidin-3,5-diglucoside were taken of both silica G 
and MN 300 chromatographed pigments. The spectra of cyanidin-3,5-diglu-
coside is presented in Figure 13 for comparison purposes. The spectra of 
the parent pigments are shown in Figures 14, 15, 16, 17, 18 and 19. 
The absorption of the cyanidin-3,5-diglucoside in the 400-460 nm 
range compared to its absorption in the 475-550 nm peak is 50% of the sim-
ilar absorption ratio of these areas in the parent pigments (pigment "l" 
in Figures 17 and 19). Other 3,5-diglycosides show the same phenomenon, 
for example the pigments "2" and "3". Aglycones with the sugars attached 
in the 7- and 3,7- positions show small shoulders in the 400-440 nm region 
and the 300-330 nm region. Only an examination of the 300-330 nm region 
of Figure 16 and 18 on MN 300 cellulose will give this information, how-
ever, as silica G has two peaks of its own in those regions. Even on MN 
300 cellulose this information about the 7- position could be obscured due 
to the absorption of impurities. The peak positions of the aglycones are 
unaffected in the visible region, however, and for aglycone identification 
the 475-550 nm absorption peak position was a major criterion. 
Progeny Pigments 
Progeny pigments were co-chromatographed in three solvents and on two 
kinds of layers with the parent pigments. No unique progeny pigments were 
found as all pigments migrated with the same rate as the parent "marker" 
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Figure 12. Spectra of impurities from silica G and MN 300 plates in EFW 
a. silica G 
b. MN 300 cellulose 
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Figure 13. Spectra of cyanidin-3,5-diglucoside on silica G and MN 300 
in EFW solvent 
a. silica G 
b. MN 300 
c. 1% HCl in MeOH 
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Figure 14. Spectra of BR pigments from silica G in EFW solvent 
a. BR-1 
b. BR-2 
c. BR-3 
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Figure 15. Spectra of V pigments from silica G in EFW solvent 
a. V-1 
b. V-2 
c. V-3 
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Figure 16. Spectra of PP pigments from silica G in EFW solvent 
a. PP-1 
b. PP-2 
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Figure 17. Spectra of PP pigments on MN 300 in EFW solvent 
a. PP-1 
b. PP-2 
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Figure 18. Spectra of "41" pigments on silica G in EFW solvent 
a. "41"-l 
b. "41"-2 
c. "41"-3 
d. "41"-4 
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Figure 19. Spectra of "41" pigments on MN 300 in EFW solvent 
a. "41"-l 
b. "41"-2 
c. "41"-3 
d. "41"-4 
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pigments. Therefore, identification of the parent pigments also identi-
fied the progeny pigments. An example of an actual thin layer plate spot-
ted with 10 mcg of parent pigment solutions is shown in Figure 20. Exam-
ples of the method of copying the thin layer plates and representative re-
sults are shown in Figure 21, 22 and 23. 
The percent of each pigment in the progeny and parent plants differed 
and was measured spectrophotometrically on the Cary 15. The pigments used 
for percent measurements were scrapped from silica gel G plates run in 
EFW solvent because that combination was superior in the degree of separa-
tion and tightness of spots it have. Also not all pigments were apparent 
on the MN 300 plates run in BBFW solvent, although it was better than the 
other s.olvents previously tested. 
The percent of the pigments in each progeny and parent is presented 
in Tables 1,2,3,4 and 5. The "l" pigment was so numbered as it was the 
major pigment in all cases. It can be assumed to be the result of a domi-
nant gene as its percentage was always a 50% minim.um and more often 75% of 
the pigments present. Pigments "2" and "3" were so numbered due to their 
position on the plate, "2" being nearer the solvent front than "3". Pig-
ment "4" appeared in crosses with "41" or BR as a parent. It did not ap-
pear when V and PP or PP and BSF were crossed, except in one possible in-
stance, which was not verified. 
Pigment percents could not be run for the 39 series, a group of very 
light pink flowers that was the first to be investigated on thin layer. 
Due to the practice of concentrating the pigment solutions to 1.0 OD with 
a·twenty times dilution, the light pink flower extracts had a large amount 
of impurities, which became so concentrated that they streaked on the 
plates •. As the individual pigments of these flowers did not separate, the 
percentage of the pigments in the 39 series could not be measured, al-
though it was obvious that the major pigment was "l". Also none of the 
flowers of the three plants in the 64 series survived freezer malfunctions 
and no information was available from them. 
The number of genes and their inheritance patterns could not be deter-
mined from this data as it involved only the F1 generation and the num-
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Figure 20. Example of spotted pigments on silica G in EFW solvent 
a. BR 
b. pp 
c. v 
d. "41" 
e. cyanidin-3,5-diglucoside 
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Figure 21. 52-1 series on silica G in EFW solvent 
a. PP 
b. BR 
c. "41" 
d. v 
e. 52-49 
f. 52-31 
g. 52-15 
h. 52-24 
i. 52-22 
j. 52-30 
k. 52-19 
1. cyanidin-3,5-diglucoside 
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Figure 22. 52-1 series on MN 300 in EFW solvent 
a. V 
b. BR 
c. pp 
d. "41" 
e. cyanidin 
f. cyanidin-3,5-diglucoside 
g. 52-22 
h. 52-30 
i. 52-15 
j. 52-49 
k. 52-31 
1. 52-24 
m. 52-19 
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Figure 23. 52-1 series on MN 300 in BBFW solvent 
a. cyanidin-3,5-diglucoside 
b. "41" 
c. BR 
d. v 
e. pp 
f. 52-49 
g. 52-30 
h. 52-19 
i. 52-15 
j. 52-31 
k. 52-22 
1. 52-24 
- ------ -
65 
oo "M 
0 0 0 · ~ 
0 0 0 ··r, 
0 Do ··n 
0 0 0 ·.c 
a o o . bO 
~-······· ·· ··· ··· ·· · · ·· · · ·· · · o· o 
-······· ··· ................. _. ..... .4-1 
:· ·: .-·· ·. D 
: : • ru 
'-.. ~ ··" 
0 0 0 ·'O 
a c:> o .() 
0 0 O·~ 
0 ·~ 
i::: 
·n 
bO 
•n 
~· 0 
66 
Table 1. Pigment % of parent plants 
1 2 3 4 
BR 92.93 2.57 4.50 
pp 53.60 46.40 
v 95.14 3.24 1.62 
"41" 78.27 5.80 3.63 12.30 
BSF 
Table 2. 26 series-Bristol Snowflake x Pink Princess 
1 2 3 4 
1 85.24 4.91 9.83 
2 52.80 47.19 
3 55.81 44.18 
4 73.91 26.08 
5 Streaked 
6 72.22 27.78 
7 73. 72 26.27 
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Table 3. 50 series-Vaniceki x Pink Princess 
Progeny 1 
1 76.66 
2 90.00 
4 89.36 
6 80.85 
14 81.35 
15 88.73 
19 Streaked 
20 Streaked 
22 Streaked 
24 91.66 
25 89.07 
27 75.51 
32 Streaked 
34 79.16 
36 Streaked 
39 74.19 
49 Streaked 
Pigment % 
2 
11.66 
6. 77 
8.33 
3 4 
11.66 
10.00 
10.63 
19.14 
6. 77 5.08 
11.26 
8.33 
10.92 
24.48 
12.00 
25.80 
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Table 4. 52 series-Vaniceki x "41" 
Pigment % 
Progeny 1 2 3 4 
2 Streaked 
5 46.66 16.66 13.33 23.33 
8 Streaked 
9 50.98 16.99 21.56 10.45 
10 75.00 25.00 
14 Streaked 
15 84.89 4.16 5.20 5.72 
19 58.58 8.08 9.09 
22 67.79 9.03 8.47 14.68 
24 66.00 6.00 8.00 20.00 
29 61.53 12.30 9.23 16.92 
30 61.19 7.46 31.34 
32 53.57 10. 71 17.85 17.85 
33 55.55 18.51 25.92 
35 Streaked 
37 83.87 16.12 
44 66.66 13 . 33 20.00 
47 76.00 12.00 12.00 
49 50.00 22.38 11.01 16.10 
54 86.66 13.33 
55 62.74 15.68 15.68 5.88 
69 
Table 5. 65 series-Bristol Ruby x Pink Princess 
Progeny 
1 
3 
6 
7 
10 
12 
15 
16 
19 
22 
24 
30 
Progeny 
1 
10 
12 
22 
24 
30 
1 
88.05 
68.33 
Streaked 
Streaked 
79.69 
75.22 
Streaked 
82.85 
88.70 
75.00 
82.96 
85. 71 
1 
79.16 
70.27 
84.00 
80.00 
90.90 
81.48 
Pigment % with 1% HCl spray 
2 
5.97 
8.27 
9.62 
8.57 
Pigment 
2 
16.21 
3 
5.97 
11.66 
6.01 
10.61 
5. 71 
4.83 
25.00 
% without 
3 
20.83 
13.51 
16.00 
20.00 
9.09 
18.51 
4 
20.00 
6.01 
14.15 
11.42 
6.45 
7 .40 
5. 71 
1% HCl spray 
4 
70 
her of progeny investigated was small. Knowledge of the number of genes 
involved requires an F2 generation also, which with the highly heterozy-
gous, self-incompatible Weigela hybrids would be difficult to obtain. 
These studies, therefore, only provide the background information for 
more thorough investigations of Weigela flower color inheritance. 
A comparison of the progeny populations on the basis of the pigment 
combinations found in them is presented in Table 6. No pigments were 
discovered in BSF using these experimental procedures. However, in the 
cross of BSF x PP, pigments of the PP parental type plus one case of a 
"3" pigment were found. Therefore the white flower color is not control 
led by a dominant gene in Weigela. 
In the cross of BR x PP, the interesting fact to note is that the "4" 
pigment appeared in 7 of 9 progeny tested, but was not present in either 
parent. This could have occurred via transgressive segregation, resulting 
in the new pigment "4" being formed from a different combination of sugars 
found in "2" of the parents. The possibility also exists that "4" is an 
acylated derivative of "2", since it has the same sugars but a higher Rf. 
Acylation has been shown to occur through dominant genes in a number of 
plant species. 
The crosses involving Vaniceki (V) were not as clear. V x PP had 
one unusual feature in the appearance of a "4" pigment in one tested pro-
geny. V x "41" had the "4" pigment in 14 of 17 plants tested with the 
majority of the plants exhibiting the pigment combination of "41". As 
Weigela is an amphidiploid and may have up to four copies of each gene, 
the lack of a clear inheritance pattern can be understood. 
The procedure was checked using the "41" parent pigments for both a 
extraction effect and percentage check. As Table 7 shows the differences 
in the number of extractions per sample caused appreciable differences in 
the percent of the pigment extracted, the first two extractions were used 
for all data reported. Differences in percent extracted per sample due 
to changes caused by the age of the extract were much smaller than the 
changes caused by the number of extractions (Table 8). 
Finally, it was discovered, in the course of experimentation, that 
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Table 6. Progeny population pigment combinations 
No. of plants having indicated pigment combinations 
Crosses 1,2 1,2,3 1,2,3,4 1,3 1,3,4 1,2,4 
BR x PP 1 1 1 4 2 
BSF x PP 5 1 
v x pp 3 1 8 
v x "41" 2 10 1 2 2 
Parents pp BR & V "41" 
Table 7. "41" pigments percentage from successive extractions 
Extraction no. 1 
1 69.23 
2 71.86 
3 78.55 
4 65.38 
Pigment % 
2 
9.61 
8.16 
5.36 
3.84 
3 4 
3.84 17.30 
3.62 16.33 
4.02 12.06 
15.38 15.38 
Table 8. "41" pigment percentage check through time 
Pigment % 
Date 1 2 3 4 
7-20 74.15 5.61 8.42 11. 79 
7-20 75.92 5.55 6.48 12.03 
7-16 70.52 5.26 8.42 15.78 
7-14 66.66 5.35 8.88 18.45 
7-12 72.80 4.36 9.22 13.59 
Total no. 
of plants 
in cross 
9 
6 
12 
17 
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the use of the EFW solvent on silica G led to rapid disappearance of "3" 
and "4" pigments and blueing of "l". The remedy was to spray the fresh 
still wet chromatogram with 1% HCl in methanol. Figure 24 shows the ef-
fect on the spectra of non-use of the 1% HCl spray. Table 5 demonstrated 
the differences in percent measurements with and without the HCl spray. 
All progeny pigment percentages shown previously in the tables are those 
measured with the use of the 1% HCl spray. 
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Figure 24. Spectra of old vs. fresh anthocyanins on silica G 
a. old - without 1% HCl in MeOH spray 
b. fresh - with 1% HCl in MeOH spray 
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